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The prevalence of overweight and obesity in children and adolescent increases worldwide. Overweight and obesity can cause children and adolescent being affected by diseases that are usually found in adults. 1 Hypertension is one of those diseases that used to be very rare but has been affecting many more children and adolescent recently.
2, 3 Freedman et al., reported overweight children and adolescent were four and half times more likely to have hypertension. 4 Sorof et al., also reported prevalence of hypertension in obese children and adolescent was three times higher than in normoweight. 5 Vascular endothelial dysfunction is one of the mechanisms of hypertension in obesity. [6] [7] [8] [9] Normally, endothelial cells produce nitric oxide (NO), which is released continuously by mechanical stimuli of the bloodstream, and on demand by the effect of endogen substance such as acetylcholine and bradykinin. 9, 11 Nitric oxide is a potent vasodilator because it relaxes smooth muscle in the vascular wall. 9, 11, 12 Endothelial dysfunction reduces NO production that could yield hypertrophy of smooth muscle of the vessel wall, incremental of peripheral resistance which in turn can rise blood pressure. [8] [9] [10] [11] In fact, some people with endothelial dysfunction do not show to have hypertension at routine clinical examination. Assessing endothelial function therefore is important to detect endothelial dysfunction promptly. There are some previous methods to assess endothelial function such as angiography, catheterization, vascular tonometry, and ultrasound. 6, 12 However, these methods are usually invasive, expensive, or highly operator-dependent. 6 Lim et al, from University of Dundee, United Kingdom, has developed a simple method to assess endothelial function using step test, namely Dundee step test. 13 Exercise systolic blood pressure (ExSBP) response, which partly is a reflection of the endothelial function, could be used to predict whether any risk of future hypertension. 10, 13, 14 This study was aimed to examine whether endothelial dysfunction exist in normotensive overweight adolescents.
METhODS
Sixty 18-19 years old boys participated in this cross sectional study. They were consisted of 31 normotensive overweight and 31 normotensive normoweight. Subjects with obesity, family history of hypertension, or smoking tobacco were excluded.
Height was measured without shoes using microtoisse in Frankfort position at 90° against wall metal tape 15 to the nearest 0,01 m. Weight was measured using a digital balance with minimal clothes to the nearest 0,1 kg. Body mass index (BMI) was obtained by dividing weight (kg) with height square (m)
2 . Normoweight was defined as BMI at 5th-84th percentiles and overweight was BMI at 85th-94th percentiles according to the BMI-for-age chart from CDC 2000.
16

Blood Pressure Measurements
Resting blood pressure was measured three times at one occasion for each subject in sitting position after 5 minutes rest. The subjects had to refrain from tea, coffee, alcohol, smoking, or exercise at least 30 minutes prior to examination. Exercise blood pressure (ExSBP) was measured just at the end of the third minutes step test while the subjects is still stepping. 10, 13 All blood pressure measurements was taken using a standard sphygmomanometer (Erka, Germany)
Dundee Step Test and Interpretation
Dundee step test was conducted in a laboratory with temperature and humidity at 20°C and 60% respectively. Subject should refrain from physical activity for at least 30 minutes prior to the test.
Step test was performed at a bench of 17.5 cm height and a stepping rate of 92 per minute, set using a metronome.
Step test trial for customization was done prior to the test. On the first tick of metronome subject lifted right foot on the bench followed by the left one on the second tick. On the third tick subject lowered the right foot followed by the left foot on the fourth tick. The work intensity of the test was 5 METs (Metabolic equivalent, 1 METs equal with 3.5 ml/kg/min), adjusted according to the cycleergometer sub-maximal exercise developed by Mundal et al. In normotensive, negative result when ExSBP rise to < 180 mmHg and is defined as hypo-responder. Positive result was if ExSBP rose to > 180 mmHg and was defined as hyper-responder. Elevation of ExSBP to > 180 mmHg had a predictive value for sustained hypertension (140/90 mmHg) of 76%.
10,13
Statistic Analysis
Shapiro-Wilk was used to examine normality of the data distribution. Unpaired t-test was applied to compare between two normal distributed variables. Mann Whitney was used as an alternative for unpaired t-test if data were not normally distributed. Association between overweight and ExSBP was analyzed using Fisher's test. Data are presented as mean + SD. Statistical analysis was processed using SPSS version 12,0.
RESUlTS
Among variables, height was the only variable with normal distribution. There were no difference in age, height, and resting diastolic blood pressure between control and overweight.
ExSBP were significantly elevated in both groups. Systolic pressure increased 26.5% in control group (95%CI = 24.5 to 35.2, P = 0,00) and 40.6% in overweight (95%CI = 41.7to 52.9, P = 0,00). ExSBP and Systolic changes (Δ SBP) in overweight are significantly higher than in control group (95%CI = 9.8 to 25.0. P = 00, 95%CI = 25.0 to 9.8, P = 0,00, respectively). Diastolic changes are very small and not significant in both groups (1.9% in control group, 0.2% in overweight) ( Table 2) .
Eight overweight subjects (25.8%) were diagnosed as hyper-responder whereas in control group there was not hyper-responder. Fisher's test showed association between overweight and hyper-responder (P = 0.02) ( Table 3) .
DISCUSSION
The main purpose of this study was to assess endothelial function in normotensive overweight adolescents using Dundee step test. This study has found that normotensive overweight showed higher elevation ExSBP response to Dundee step test. In addition, some overweight subjects had an exaggerated systolic blood pressure during the test known as hyper-responder. Although there were only 26% of overweight was diagnosed as hyper-responder, mean increased of SBP were almost 50 mmHg. Eventhough with normal resting blood pressure, such high increased BP after Dundee step test might also indicate endothelial dysfunction which would develop to become hypertension in the future. Based on this result, normotensive overweight adolescents are at higher risk of future sustained hypertension Limitation of this study was difficulty in measuring blood pressure during stepping using manual sphygmomanometer. With moving body and arm, there was noise that could affect our listening to Korotkoff sound. Measurement must be done several times to confirm the result with a consequence adding test time for seconds. Another limitation were that heart rate and abdominal obesity indicators, which could strengthen our discussion, were not available.
There were no different characteristics of the study groups that might affect resting SBP and ExSBP. Age and height are factors considered to influence resting blood pressure17 that may also affect ExSBP, are found no difference between groups. Also, moderate intensity of the exercise test and short height of the bench are not considered to give significant difference of the ExSBP.
It is estimated that SBP rise 5 to 10 mmHg for every 1METs of effort.
18 With 1 METs is energy expended in the resting state, ExSBP after completion Dundee step test would be expected to rise 20 to 40 mmHg. Dundee step test had an intensity of 5 METs, considered at the level of moderate intensity and equal with energy expenditure of most daily living activity. 10 This such intensity level assures that ExSBP during the test will not exceed normal limit for increased ExSBP.
Increased SBP during exercise is a normal physiologic phenomenon. This is attributed to increased cardiac output which is up to several times during exercise.
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In addition, shear stress generated by increased blood flow enhance NO production result in vasodilatation to prevent exaggerated SBP. 10 Production of NO is impaired in endothelial dysfunction leading to exaggerated SBP. 10, 13, 14 In fact, ExSBP reflects not only endothelial dysfunction but also correlate with other cardiovascular complications and hypertension related-organ damage. Fazio et al 20 reported prehypertensive with ExSBP showed thicker left ventricular wall, longer left ventricular isovolumic relaxation time, and more number of arterial stiffness. Kurl et al 21 found that increase in SBP during exercise were associated with risk of all strokes directly and independently. However, further investigation is still needed to examine predictive effect of ExSBP on hypertension related-organ damage other than cardiovascular system. Endothelial dysfunction is characterized by imbalance between constriction and dilatation state due to factors affecting vascular physiology. 7 Endothelial cells produce vasodilator as well as vasoconstrictor substance such as NO and endothelin-1 (ET-1) respectively. Sympathetic nervous system (SNS) is an external factor which also contributes to the balance state. Table 2 . Systolic and diastolic change after Dundee step test Table 3 . Fisher's test for association between overweight and hyper-responder increased ET-1 secretion and SNS activity will result in vasoconstriction whereas increased NO production and diminished SNS activity will lead to vasodilatation.
NO and ET-1 secretion is regulated by intracellular signaling mediated by insulin through PI3-kinase pathway. 24, 25 The pathway is initialized by binding of insulin to its receptor to form insulin receptor substrate (IRS). IRS formation will initiate reaction which finally activates protein kinase B (Akt). 7, 24, 25 Activation of Akt will directly induce endothelial nitric oxide synthase (eNOS) activity leading to NO production by endothelium vascular.
9,11 Bioavailability of NO is diminished in the present of reactive oxygen species (ROS). 11, 24, 25 In the other hand, through MAPK pathway, insulin also stimulates ET-1, a vasoconstrictor.
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Adipose tissue, mainly in visceral obesity, is not merely passive energy store but is like an endocrine organ producing several biologically active substances. 7, 9 Beside free fatty acid (FFA) resulted from lipolytic, adipose tissue in visceral obesity secretes inflammatory cytokines such as tumor necrosis factor (TNF)-α, adipokines such as leptin and adiponektin. 7, 22, 23 Adipose tissue is also a source of angiotensinogen (AGN), an inactive form which is then transformed into an active form function as vasoconstrictor, angiotensin II (Ang II). These substances, Ang II, TNF-α, and FFA, reduce NO production by suppressing PI3-kinase, increasing ROS production and ET-1.
9,22-25 TNF-α also suppresses eNOS activity. 7, 9 Leptin, an adiponectin secreted by adipose tissue, also plays role in hypertension. 9, 11 With increasing body fat as in overweight and obesity, leptin production is also increased to suppress appetite in turn reducing food intake and bodyweight. 22, 23 In relation to hypertension, leptin elevates SNS activity through a melanocortindependent pathway within hypothalamus. 7, 22 Elevation of the SNS system activity leads to vasoconstriction, increased peripheral resistance, and increased blood pressure. In contrast to leptin, adiponectin that reduces with increasing body fatness improves the insulin signaling-cascade leading to vasodilatation. 7, 24, 25 Elevated resting blood pressure in overweight may be an indication of increased SNS activity in this study.
In conclusion, the recent study has found that hyper-responder that reflects endothelial dysfunction is detected in some overweight adolescents with normal blood pressure using Dundee step test. Endothelial dysfunction in overweight adolescents may also manifest as higher resting systolic pressure and mean increases of ExSBP above 40 mmHg. We suggest for further study to examine endothelial dysfunction in children and to make threshold ExSBP indicating endothelial dysfunction. We also recommend performing further examination to find endothelial dysfunction in subjects diagnosed as hyporesponder with increased ExSBP above 40 mmHg.
